The poor prognosis of hepatocellular carcinoma (HCC) has been associated with recurrence and metastasis. Recently, we established a pair of HCC cell lines from a primary (H2-P) and its matched metastatic (H2-M) HCC tumors. A high density of cDNA microarray with 9184 human cDNA was used to identify the differentially expressed genes between H2-P and H2-M. Comparing with H2-P, eight upregulated and six downregulated genes were detected in H2-M. One interesting finding is the overexpression of Vimentin (VIM), a well-defined intermediate filament, which has been linked to a more aggressive status in various tumors. The correlation of overexpression of VIM and HCC metastasis was studied by immunohistochemistry using a tissue microarray with 200 primary HCCs and 60 pairs of primary and matched metastatic HCC samples. Tissue microarray demonstrated that the overexpression of VIM was significantly associated with HCC metastasis (Po0.01). This finding strongly suggests that the overexpression of VIM may play an important role in the metastasis of HCC.
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Hepatocellular carcinoma (HCC) is one of the most common malignancies in the world, especially in highrisk regions including East and Southeast Asia and subSaharan Africa. Although advances have been achieved in the diagnosis and treatment of HCC, the prognosis of patients with HCC remains dismal. The 5-year survival rate is less than 25% in the subgroups of patients who have the most favorable characteristics and are eligible for surgical resection (Aguayo and Patt, 2001 ). The poor prognosis of HCC has been associated with the recurrence and the intrahepatic metastasis (Tang, 2001) . Therefore, a better understanding of molecular mechanisms involved in HCC metastasis may lead to a more effective treatment for HCC patients. The difference in genetic alterations between the primary and metastatic tumors showed that the progression from the primary tumor to metastasis is because of the acquisition of further genetic changes. Our previous study has demonstrated that HCC metastasis was significantly associated with the loss of 8p (Qin et al., 1999) .
Recently, we have established a pair of cell lines from a primary HCC (H2-P) and its matched metastatic thrombosis in portal vein (H2-M) from a 42-year-old man in the First affiliated Hospital of Sun Yat-sen University (Guangzhou, China). The serological HBV examination of this patient is negative. Cell culture and generation of cell line using tumor specimens was performed as described previously (Wen et al., 2002) . Both tumors were histopathologically classified as moderately differentiated HCC. G-banding analysis and fluorescence in situ hybridization (FISH) with chromosome arm painting probes have demonstrated that these two cell lines (all at passage 4) were from the same origin. Although H2-P cell line was hypertriploid while H2-M was hypertetraploid, both cell lines shared many identical marker chromosomes. For example, a translocation t(1;6) observed in both cell lines was confirmed by 1q painting probe (Figure 1a) . Two unknown marker chromosomes (Mar1 and Mar2) observed in both cell lines were further studied by FISH with arm painting probes 4p and 4q (Guan et al., 1996) . The result demonstrated that both Mar1 and Mar2 were composed of three pieces of chromosome 4 materials, one from 4q sandwiched by two others from 4p ( Figure 1a ). Comparative genomic hybridization (CGH) also demonstrated that most copy-number changes observed in both cell lines (all at passage 5) were identical (Guan et al., 2000) . Two very rare but identical changes involving chromosomes 6 (gain of 6pter-q23 and loss of 6q24-qter) and 13 (loss of 13q11-q31.1 and gain of 13q31.2-qter) were observed in both cell lines, implying that these two cell lines were from the same origin ( Figure 1b ).
These two cell lines provide a very useful tool to investigate genes associated with HCC metastasis. Identification of differentially expressed genes between H2-P and H2-M was carried out using a cDNA microarray with 9182 known genes and ESTs. Total RNA (150 mg) was routinely used as template for the cDNA generation using SuperScript II reverse transcriptase (Invitrogen). cDNAs from H2-P and H2-M were synthesized and labeled with Cy3-dUTP (PerkinElmer Life Sciences, Boston, MA, USA) and Cy5-dUTP (Perkin-Elmer Life Sciences) from experimental RNA samples individually, as the described method in UCLA microarray core facility website (Aldamassi et al., 2001) . Primary image and data analysis was carried out using the GenePix Pro 4.0 software package (Axon Instruments). Cy5 to Cy3 ratio was determined for the individual gene along with various quality control parameters. Spots with small diameters (o120 mm), low signal strengths (o300 fluorescence intensity units) and low signal-to-noise ratio (o1.5) were discarded. For data reproducibility, the microarray experiment was repeated three times and only high-quality data points in at least two or more trials were included. Elements with a twofold more difference in the expression level were defined as differentially expressed. Under these criteria, totally eight upregulated and six downregulated genes were identified in H2-M (Table 1 ). Most of them were genes functionally related with cancer progression such as cell adhesion, apoptosis, cell proliferation and, interestingly, cancer metastasis. Northern blot analyses were performed for a selection of five upregulated and two downregulated genes to confirm their differential expression and the results coincided with that of cDNA microarray (Figure 2) .
The most interesting finding was the overexpression of Vimentin (VIM) in metastatic cell line, which was confirmed by Western blot analyses (Figure 2c ). To evaluate whether the VIM expression is a potential factor of metastasis in HCC, a TMA section with 200 primary HCC and 60 pairs of primary and matched metastatic HCC samples (including 31 intrahepatic and 29 extrahepatic metastases) was applied to study the expression situation of VIM. Formalin-fixed and paraffin-embedded HCC specimens from surgical resections were obtained from the archives of the Eastern Hepato-biliary Surgery Hospital (Shanghai, China) from 1995 to 1999. The HCC tissue microarray was constructed as previously described . In 200 primary HCCs, positive expression of VIM was detected in 10/144 (7%) informative cases. The major reason for noninformative was the loss of the sample during the preparation of the section. In 60 pairs of primary HCC and their matched metastatic tumors, VIM expression could be evaluated informatively in 6/53 (11%) and 24/53 (45%) cases, respectively. Therefore, VIM expression was significantly associated with HCC metastasis (Po0.01, w 2 test). Examples of VIM-positive and -negative tumors are shown in Figure 3 .
In the present study, we first report the statistically significant upregulation of VIM in human metastatic HCC as compared to primary cases. VIM, a cytoplasmic intermediate filament, is the characteristic of mesenchymal cells and it usually does not express in epithelial cells. However, more and more evidence showed that the atypical expression of VIM in epithelial cancer cells might be associated with local invasiveness and metastasis potential. The aberrant overexpression of VIM and its relation to tumor metastasis have been reported in melanoma (Ben Ze'ev and Raz, 1985) , breast cancer (Domagala et al., 1994; Hendrix et al., 1997) , cervical carcinoma (Gilles et al., 1996) , renal cell carcinoma (Moch et al., 1999) , and prostate carcinoma (Lang et al., 2002) . The expression of VIM in epithelial cells was essential to the successive shape change through the interaction with actin and other intermediate filaments (Iwatsuki et al., 1999) . This function might be one of the reasons why VIM is associated with the migratory status of epithelial cells (Gilles et al., 1999) .
Functions of most upregulated genes detected in H2-M are related to cancer development or progression, including cell adhesion (VIM and CLU) (ThomasSalgar and Millis, 1994; Redondo et al., 2000) , cell proliferation (NPR3 and tumor protein D52-like 1) (Byrne et al., 1996; Lelievre et al., 2001) , immunosuppression (Orosomucoid 1) (Fan et al., 1995) , and apoptosis (CLU) ( Table 1) . Among the six downregulated genes, two genes show tumor-suppressing function. Polyadenylate-binding protein, cytoplasmic, 1 (PABP) recognizes the 3-prime mRNA poly(A) tail and plays critical roles in eucaryotic translation initiation and mRNA stabilization/degradation (Deo et al., 1999) . Together with AU-rich binding protein AUF1 and translation factor EIF4G, PAPB are involved in the rapid degradation of protooncogene mRNAs, through the 3-prime untranslated region (Laroia et al., 1999) . Solute carrier family 25, member 6/adenine nucleotide translator (ANT), the most abundant protein in the inner membrane of mitochondria, constitutes the permeability transition pore complex, which regulates mitochondrial membrane permeabilization and is involved in the direct pathway of apoptotic control in mitochondria (Vieira et al., 2000) .
In summary, genes related to HCC metastasis have been investigated by comparing differentially expressed cDNAs between a primary and its matched metastatic HCC cell lines using cDNA microarray. Overexpression of VIM has been demonstrated to be the target gene Over expression of Vimentin in HCC L Hu et al
